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The effect of reinforced verbal descriptions on key-pressing rate was studied in the context of rein-
forcement for pressing on schedules opposed to the verbal description and schedules delivering a
constant or randomly chosen point value regardless of pressing rate (nondifferential schedules). Un-
dergraduates' key presses produced points exchangeable for lottery tickets on alternating schedules.
Subjects experienced one of four manipulations. In Experiment 1, after schedule control had been
demonstrated using a "medium rate" schedule for each of two response keys, subjects were awarded
maximum points for choosing one of five verbal descriptions of "the best way to earn points" for each
key. Subjects experienced either (a) maximum points for verbal descriptions of "press very fast" for
one key and "press very slowly" for the other, with the schedule gradually moved from medium to
oppose this description, or (b) maximum schedule points for a very fast rate on one key and very slow
rate on the other, with the maximum points for verbal descriptions gradually moved to oppose the
schedule. Key-pressing rates conformed to the active schedule, not to the verbal performance description.
In Experiment 2 subjects received maximum points for verbal descriptions of "press very fast" for
one key and "press very slowly" for the other while the same nondifferential schedule was operative
for both keys. Correspondence of pressing rate to verbal description was either complete, transient,
or absent. The precise discriminative control of the schedules employed may account for less verbal
response-rate control in the present versus past research. Possible differences between computer- and
experimenter-generated verbal behavior are discussed.
Key words: schedules, rule-governed behavior, instructions, verbal control, computer, key press,
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Verbal and nonverbal behavior constitute
two broad operant classes that may be of in-
terest in any study employing human subjects.
Although these operant classes of behavior are
often studied independently, substantial inter-
relationships may exist between the two. For
example, overt nonverbal responses indicating
"remembering" may be mediated by private
or overt verbal behavior (Skinner, 1969). A
number of human operant studies (e.g., Har-
zem, Lowe, & Bagshaw, 1978; Hayes, Brown-
stein, Zettle, Rosenfarb, & Korn, 1986; Le-
ander, Lippman, & Meyer, 1968; Matthews,
Catania, & Shimoff, 1985) have begun to in-
vestigate directly the relationships between
verbal and nonverbal behavior.
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computer program for this project. In addition, our thanks
to Gloria Eldridge for her invaluable comments on an
earlier draft of this manuscript. Correspondence and re-
quests for reprints should be sent to Stephen W. Holborn,
Department of Psychology, University of Manitoba, Win-
nipeg, Manitoba R3T 2N2, Canada.

It is well known that precise schedule con-
trol of human operant responding is difficult
to achieve using traditional schedules of re-
inforcement. For example, human fixed-in-
terval (FI) performance may be characterized
by a rapid constant rate or, as in most non-
humans by a lower response rate with post-
reinforcement pausing (e.g., Leander et al.,
1968; Weiner, 1969) depending on variables
such as response cost, experimental history,
and instructions. Further, human responding
has been shown to be insensitive to schedule
differences such as FI versus fixed ratio (FR;
Weiner, 1970) and to other changing conse-
quences of responding in a variety of proce-
dures (Ader & Tatum, 1961; De Luca & Hol-
born, 1985; Harzem et al., 1978; Matthews,
Shimoff, Catania, & Sagvolden, 1977; Shi-
moff, Catania, & Matthews, 1981). The ver-
bal capacity of the human organism is often
proposed as the variable producing insensitiv-
ity in this research. For example, Matthews
et al. (1977) demonstrated insensitivity to VI
(variable-interval) versus VR (variable-ratio)
schedules even when minimal instructions re-
garding the experimental task were used. Shi-
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moff et al. (1981) considered such task instruc-
tions to be instrumental in producing schedule
insensitivity.

Subsequent research has undertaken to
demonstrate that verbal stimuli can control
rates of responding that may minimize rein-
forcement on key-pressing schedules. Several
investigations have attempted to create an "op-
positional" interaction between a schedule of
reinforcement for a motor response, such as
key pressing, and a verbal stimulus specifying
response rate (e.g., Catania, Matthews, & Shi-
moff, 1982; Hayes et al., 1986; Matthews et
al., 1985). The verbal stimulus is presented
either directly through verbal instruction of
response rate (Hayes et al., 1986) or contin-
gency shaped by reinforcing successive ap-
proximations to a target verbal description
(Catania et al., 1982; Matthews et al., 1985).
Typically, response rate has conformed to the
instructed or shaped verbal description of re-
sponse rate rather than to the schedule of re-
inforcement for key pressing.

For example, Catania et al. (1982) inves-
tigated the effects on nonverbal responding of
shaped rate descriptions of nonverbal perfor-
mance. In their procedure, college students'
button presses produced points that were ex-
changeable for money on alternating VR and
VI schedules. The responses were performed
on separate buttons for each schedule. Every
3 min, students completed written sentences
describing the way to earn points on each but-
ton. When the desired sentence completion was
shaped by differentially awarding points for
written descriptions of high- and low-rate
pressing, pressing rates always conformed to
those descriptions. This verbal control ("verbal
control" here, and henceforth, indicating re-
sponse-rate control by experimentally intro-
duced verbal stimuli) occurred even when the
description was in opposition to the scheduled
contingency (e.g., the subject pressed slowly on
the VR schedule, which provides points max-
imally for rapid responding, when the rein-
forced description specified slow responding).
When students were instructed what to write
in order to receive points for sentence comple-
tions, the relationship between verbal and non-
verbal responding was variable. The perfor-
mance description sometimes controlled, was
sometimes controlled by, and was sometimes
independent of the motor behavior. Matthews
et al. (1985) extended the shaping aspect of

their procedure to demonstrate that contin-
gency descriptions (e.g., "Press until a random
number has been reached."), as opposed to the
performance descriptions used in the previous
study, could control response rate. More re-
cently, Hayes et al. (1986) demonstrated the
effectiveness of experimenter-delivered in-
structions in controlling response rates on a
multiple FR/differential reinforcement of low
rates (DRL) schedule.
The cumulative results of Catania et al.

(1982), Matthews et al. (1985), and Hayes et
al. (1986) suggest that both shaped and in-
structed verbal descriptions can exert more
powerful control over a motor response than
do the actual contingencies of reinforcement
for that response. In short, if the verbal de-
scription and the scheduled contingencies are
put in opposition, the subject's behavior may
conform to the verbal description rather than
to the schedule.

Implicit in the above argument is the as-
sumption that the scheduled contingencies
alone would have produced response rates dif-
ferent from those specified by the verbal de-
scriptions. Control by the contingencies alone
must be demonstrated in order to discuss
meaningfully the effects of placing verbal de-
scriptions in opposition to the scheduled con-
tingencies.

In this context it is useful to introduce two
terms: differential schedule control and discrim-
inative schedule control, the former pertaining
under circumstances in which two (or more)
schedules produce different rates of behavior
and the latter pertaining to the degree that one
(or more) schedules produce specific rates of
behavior. In these terms, schedules that pro-
duce specific rates of responding may be dis-
criminative of differential rates of responding
or they may be discriminative of nondiffer-
ential rates of responding (i.e., they produce
the same specific rate of responding). The re-
sponse rate for which a schedule is discrimi-
native presumably depends on the rate that
will maximize the density of reinforcers on that
schedule. Thus, using the schedules employed
by Hayes et al. (1986) as examples, the es-
tablishment of low-rate responding on a DRL
schedule and high-rate responding on an FR
schedule would indicate appropriate discrim-
inative control, appropriate to the extent that
control is a function of discriminating the re-
sponse rate that maximizes the rate at which
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reinforcers are delivered. In the case of Mat-
thews et al. (1985) and Catania et al. (1982),
discriminative control by the schedules should
produce high-rate responding on the VR
schedule (for which reinforcer density is a
function of response rate) and relatively lower
rate responding on the VI schedule (for which
the relationship between response rate and re-
inforcer density holds true for a limited range
of low rates). In all cases mentioned above,
discriminative control would be expected to
produce differential response rates between the
two schedules employed in each study (i.e.,
differential schedule control).

Scrutiny of the Matthews et al. (1985) and
Catania et al. (1982) data reveals that the con-
tingencies used in these studies did not differ-
entially control behavior in the absence of ver-
bal descriptions. As Catania et al. (1982, p.
236) note, during periods before a verbal de-
scription had been shaped, response rates were
nearly identical on the two schedules, differing
only after verbal stimuli had been introduced.
Nor is there evidence for clear discriminative
control of response rate (in the absence of dif-
ferential control), because, for the majority of
subjects, response rates on both schedules were
in a state of change when verbal stimuli were
introduced.

Similarly, in Experiment 1 of Hayes et al.
(1986), subjects receiving no specific instruc-
tions about how to respond on the schedules
made extensive contact with only one of the
two types of programmed consequences; that
is, subjects earned points primarily on either
the DRL or the FR schedule, but not on both.
Response rates on the two schedules reflected
this contact, being similar and high for 2 sub-
jects (contacting only the FR schedule), similar
and low for 1 subject (contacting only the DRL
schedule), and dissimilar for 1 subject (high
on FR, low on DRL). Even the subject with
dissimilar response rates on the two schedules
earned points primarily on only one schedule
(FR). Here again, when instructions are used
to alter response rate, it is uncertain how pow-
erful the schedule control would be in the ab-
sence of the instructions (indeed, the evidence
suggests poor discrimintative control of re-
sponse rate by one schedule, at least under
these multiple schedule conditions). Only after
response-rate instructions brought about con-
tact with both schedules (Experiment 2) was
discriminative (and differential) schedule con-

trol of response rate demonstrated. Our sug-
gestion, then, is that in all of the previously
discussed manipulations (Catania et al., 1982;
Hayes et al., 1986; Matthews et al., 1985),
poor discriminative schedule control promoted
the demonstrated verbal control of response
rate. Although previous studies clearly
demonstrate human responsiveness to verbal
control of response rate, they do so under cir-
cumscribed conditions: conditions of poor dis-
criminative schedule control. This suggestion
is in accordance with Cerutti's (1989, p. 265)
comment that insensitivity to collateral con-
sequences (i.e., control by verbal stimuli) is
likely when those consequences are weak (i.e.,
under conditions of poor discriminative sched-
ule control), but not when they are strong.
The present study attempted to extend the

literature on interacting verbal and nonverbal
influences on human responding by opposing
verbal descriptions of response rate to specially
designed schedules with demonstrated dis-
criminative control of response rate. The pres-
ent procedures were similar to those employed
by Matthews et al. (1985) except for altera-
tions designed to increase the power of the
experimental demonstration.

First, and most important, the present study
sought to increase discriminative control by the
schedule contingencies and to demonstrate this
control prior to the introduction of verbal stim-
uli. Consideration of the difficulties typically
associated with producing precise schedule-
controlled response rates in humans led us to
use novel schedules of reinforcement to achieve
precise control. The programmed contingen-
cies on the subjects' motor behavior awarded
a variable number of points at regular intervals
depending on the number of responses emitted
during an individual interval (i.e., depending
on the response rate per interval). Unlike tra-
ditional schedules, which typically provide re-
inforcement on an all-or-none basis, the sched-
ules were programmed to provide a maximum
number of points for a specific range of rates
while providing progressively fewer points for
response rates increasingly dissimilar from that
range. Thus, changes in response rate toward,
or away from, the range of rates receiving the
maximum number of points resulted in (the-
oretically) highly discriminable changes in the
number of points received following each in-
terval. The schedules employed in this re-
search also deviate from the typical practice of

275



LAINE J. TORORUD and STEPHEN W. HOLBORN

providing reinforcement conditional on single
interresponse times by providing points de-
pendent upon the number of responses per
fixed unit of time. Thus, an alternative sched-
ule (ours) providing points maximally for a
slow rate of responding would satisfy the less
frequently cited Ferster and Skinner (1957, p.
459) definition of DRL, wherein reinforce-
ment is not continuous and based on single
interresponse times but rather depends on the
emission ofN or fewer responses within a spec-
ified time interval. In the terminology of Mar-
tin and Pear (1988, p. 107) this schedule is
termed "interval DRL." Alternatively, a
schedule providing points maximally for very
rapid responding would function as a differ-
ential reinforcement of high rate (DRH)
schedule similar to schedules used by Burn-
stein and Wolff (1964), in which reinforce-
ment depends on the emission of greater than
N responses within a specified time interval.
Extending the DRL terminology of Martin
and Pear (1988) to this type of schedule pro-
duces the label "interval DRH." Adjustment
of this maximally point-awarded (MaxPA) re-
sponse-rate range can produce schedules pro-
viding a maximum number of points for very
rapid responding, very slow responding, or a
variety of rates between these extremes. Thus,
these schedules have the advantage of being
easily adjusted in terms of similarity, both to
each other and to the verbal descriptions they
oppose. Baseline measures were taken to dem-
onstrate control by the schedules in the absence
of verbal performance descriptions. Thus, ver-
bal descriptions were superimposed on base-
lines whose schedule-controlled terminal rates
had been demonstrated empirically.

Second, performance descriptions rather
than contingency descriptions were used, be-
cause they require a less specialized vocabulary
and have been found to be more consistently
related to motor performance (Matthews et al.,
1985). Third, verbal response descriptions were
standardized by providing subjects with a choice
among five response-speed descriptions (very
slowly, slowly, medium, fast, very fast). This
permitted precise quantification of the dispar-
ity between the chosen verbal description and
the MaxPA response-rate range and also pro-
vided a variety of verbal descriptions, more or
less opposing the active schedule, that could
receive maximum points. Fourth, verbal de-
scriptions were chosen after each key presen-

tation rather than, as in Matthews et al. (1985),
after each two-key cycle. This change pro-
duced closer contiguity between schedule ex-
perience and choice of verbal description.

Experiment 1 first attempted to demonstrate
precise control of response rate using specially
designed schedules. Subsequently, the effects
of gradually opposing verbal descriptions to
the schedule contingencies, and the effects of
gradually opposing the schedule contingencies
to verbal descriptions, were investigated. It was
expected that both procedures would result in
lower verbal control of response rate than in
previous research because of increased dis-
criminative schedule control.

GENERAL METHOD
Subjects

Eight female and 3 male University of Man-
itoba undergraduates between 18 and 35 years
of age participated as subjects as an option in
satisfying introductory psychology course re-
quirements. The subject selection procedures
paralleled those of Matthews et al. (1985).

Apparatus
The study was conducted in a research room

(4 m by 4 m) in the psychology building at
the University of Manitoba. The room con-
tained a desk for the experimental apparatus
and a chair. A subject, when seated in the
chair, faced the experimental apparatus, which
consisted of a Macintosh Plus® microcom-
puter (screen size: 19 cm by 15 cm) and a
modified Macintosh keypad. Two of the key-
pad keys (theA and the K) were labeled clearly
as the response keys using masking-tape
squares that displayed the corresponding letter
in large black print. Presses on these keys ful-
filled the requirements of the schedule contin-
gencies. The computer indicated which key
was operational by presenting a printed A or
K, corresponding to the operational key, 3 cm
from the side of the screen nearest that key
(left side for A, right side for K) and 5 cm
from the bottom of the screen. The computer
was programmed to present all instructions to
subjects, to calculate the rate of responding on
each schedule, to record subjects' verbal de-
scriptions, and to dispense points. Points were
exchangeable after each session for tickets in
an experimenter-run lottery. To the right of
the computer screen was a set of printed in-
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structions on a cardboard backing. For all
groups, and during all phases, these instruc-
tions duplicated those presented on the com-
puter monitor prior to the experimental ses-
sion.

General Procedure
All subjects in all phases received a single

experimental session each day.
Instructions. In the research room, each sub-

ject was seated facing the computer and a set
of instructions. The experimenter began the
initial session with the following instructions:

Everything that occurs in this experiment is
between you and the computer. The computer
will tell you everything you need to know about
the experiment in the instructions which you
are about to read. As you can see, the first
instructions are already on the screen. When
you reach the bottom of a page press any key
and further instructions will appear. The com-
puter will also tell you how to begin the session
when you have finished reading the instruc-
tions. Please notice that the instructions are also
listed to the right of the computer screen. If you
want to review any of the instructions you can
read them there. The computer will tell you
when the session is complete. Please open the
door when the computer indicates that the ses-
sion is over. Are there any questions? Please
wait until I have left the room before you begin.

The experimental instructions were similar
across groups and were identical within groups
across phases. The following instructions in-
clude all groups and all phases:

Purpose of Study: The purpose of the present
study is to investigate how people learn to per-
form tasks.

Experimental Task: Your task is to earn as
many points as you can during the experimen-
tal session.

General Instructions: During the experimental
session you can earn points by pressing the two
keys labeled A and K. Depending on the rate
at which you press the keys, the computer will
add a certain number of points to your point
total at regular intervals. This point total will
be displayed at the top of the screen.

Only one key will be available for earning
points at a time. When an A appears on the
screen you can earn points by pressing the key
on the keyboard that is labeled with an A. When
a K appears on the screen you can earn points
by pressing the key on the keyboard that is

labeled with a K. The computer will add points
to your point total at regular intervals.

The following paragraph was included in
phases requiring a sentence completion:

There is a second way in which you can earn
points. After you have had a chance to earn
points by pressing one of the keys, the computer
will ask you to describe how you should press
that key to receive the most points. There will
be five possible ways described on the screen.
You are to select one of the five possibilities.
The computer will show you how many points
you earn for your choice. You can earn a max-
imum of 60 [180 for "random" subjects in Ex-
periment 2] points for your choice.

The instructions continued as follows for all
subjects:
Token System: The total number of points you
have earned will be displayed at the top of the
screen until the end of the session. The points
that you earn in this experiment will be ex-
changeable for lottery tickets at the end of the
session. Each ticket costs 200 points [600 for
"random" subjects in Experiment 2]. The more
lottery tickets you can buy, the more likely that
you will be the winner of the lottery. Two
tickets will be drawn each week, with a prize
of $30 awarded for the first ticket drawn and
a prize of $20 for the second ticket. There are
only a few other people in this experiment so
if you are all about equal at earning points you
will have a good chance of winning either the
first or the second prize. If you do especially
well, your chances of winning will be improved.
The computer will stop automatically when

the session is complete. When the session is
complete the experimenter will have you fill
out a brief questionnaire. If you cannot re-
member something about the instructions, they
are listed to the right of the computer.
The next time you hit a key the session will

begin.

The first key press following the instructions
started the experimental session, during which
points were available to subjects for two types
of responses. First, schedule points were avail-
able for presses to the A and K keys of the
computer keypad. Second, in certain phases,
verbal description points were available for
completing sentence stems describing the op-
timal key-pressing rate.
Key pressing. The first key press following

the instructions started the experimental ses-
sion. An A was presented on the left side of
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the screen, near the A key. This stimulus was
presented for 1 min 6 s, during which time
presses on the A key earned points. Following
the expiration of the A interval, the K stimulus
was presented on the right side of the screen
near the K key for 1 min 6 s, during which
time presses on the K key earned points. The
A was then presented again, beginning a new
2-min 12-s cycle in which each key was pre-
sented once. Each session included seven such
cycles, with the A key always presented first,
for a total session time of approximately 15
min 24 s. Points were awarded every 5.5 s for
a total of 12 reinforcement intervals per key
presentation.

Based on the response rates obtained by other
researchers and pilot work, a five-level re-
sponse distribution was calculated such that
specific response-rate ranges could be rein-
forced. For example, based on Catania et al.
(1982) and Matthews et al. (1985), a response-
rate range of 11 to 15 responses per 5.5-s in-
terval appeared to be a "medium" rate of key
pressing for the typical undergraduate student.
Based on maximum observed rates in these
studies of about 35 responses per 5.5 s and
considering that responding can reach a min-
imum of one response per 5.5 s and still be
considered "responding," the following cate-
gories were established: very slowly-1 to 5
responses per 5.5-s interval; slowly-6 to 10
responses per interval; medium- 1 to 15 re-
sponses per interval;fast-16 to 20 responses
per interval; and very fast-more than 20 re-
sponses per interval.

Points were established for each of these
response-rate ranges. These points, which were
exchangeable for lottery tickets at the end of
each session, were added every 5.5 s to one of
two counters located 2.5 cm from the top of
the screen. One counter, positioned 4 cm from
the left side of the screen, was labeled "Points
for A" and displayed all points earned on Key
A. The other counter, positioned 4 cm from
the right side of the screen, was labeled "Points
for K" and displayed all points earned on Key
K. Point distributions could be varied such that
particular response rates were awarded max-
imum points (MaxPA response-rate ranges).
For example, for a medium response rate, the
point distribution for the five response-rate
ranges was 2, 3, 5, 3, 2, listed from very slow
to very fast, respectively. In other words, de-
pending on the rate of responding generated

by the subject during each 5.5-s period, the
points received at the end of that 5.5-s period
varied from 2 to 5 depending on the range into
which response rate fell. Maximum points (5)
were delivered for a response rate that fell in
the medium range. In contrast, the distribution
of point values designed to generate very fast
responding was 1, 2, 3, 4, 5; the distribution
of point values designed to generate fast re-
sponding was 1, 2, 3, 5, 4; the distribution of
point values designed to generate slow re-
sponding was 4, 5, 3, 2, 1; and the distribution
of point values designed to generate very slow
responding was 5, 4, 3, 2, 1. The point values
were chosen so that regardless of the MaxPA
response-rate range, points would decrease as
response rate fell further outside that range,
while total points available would remain con-
stant. The exceptional cases were applied to
the two groups of subjects in Experiment 2.
For subjects receiving nondifferential rein-
forcement of responding, points were distrib-
uted equally across response-rate ranges (e.g.,
13, 13, 13, 13, 13). For random subjects, the
computer awarded point values with partic-
ular probabilities irrespective of response rate.
Every 5.5 s the computer added the appro-
priate number of points to individual point
counters for each key. Presses on the key not
corresponding to the symbol on the screen had
no programmed consequences. A complete ab-
sence of responding during an interval did not
change the counter.

Verbal descriptions. During phases requir-
ing verbal descriptions of pressing rates, a sen-
tence stem was presented on the computer
screen following the completion of each 1-min
6-s cycle. This produced seven verbal descrip-
tions of the best pressing rate for each key
during a session. The sentence stem following
the activation of Key A said: "The best way
to earn points on Key A is:" The sentence stem
following the activation of Key K said: "The
best way to earn points on Key K is:" Each
stem was followed by five choices: "press very
slowly," "press slowly," "press at a medium
rate," "press fast," and "press very fast," num-
bered from 1 to 5, respectively. The instruc-
tion, "Press the number corresponding to your
selection," preceded the stems. After the sub-
ject had selected a number corresponding to
his or her choice from the numerical row at
the top of the keypad, the computer displayed
"You received X points out of a possible X
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points for that response." The computer then
instructed the subject to press any key to con-
tinue the session. That press initiated the next
key-pressing segment of the session and added
the points for the verbal description to the ap-
propriate key counter.

Points were designated for each verbal de-
scription such that a selected verbal description
would earn the maximum number of points.
For the present paper, the point values accom-
panying the verbal descriptions will be listed
form "press very slowly" to "press very fast,"
respectively. Thus, a 60, 48, 36, 24, 12 verbal
description distribution maximally reinforces
a description of "press very slowly." Points for
verbal descriptions usually were chosen to
equalize the number of points potentially
available for actual key pressing and for verbal
descriptions of key pressing (the one exception
is mentioned under its specific procedure). This
involved multiplying the schedule points avail-
able by 12 to calculate verbal description points,
because verbal description points were earned
once per key presentation, and schedule points
were earned 12 times per key presentation.

Stability criteria. Two stability criteria were
employed in the present study. First, the per-
centage of 5.5-s interval response rates within
the MaxPA range had to equal or exceed 90%
for both keys in three consecutive sessions. Sec-
ond, in phases requiring a verbal description,
verbal description values had to equal or ex-
ceed 25 for each key in the same three sessions.
The verbal response choices were converted to
point values ranging from 0 to 4 depending on
how close the choice was to the MaxPA verbal
description, for a maximum of 28 possible
points earnable on each key in each session
(see Results for an elaboration on this con-
version). In a few select instances, subjects were
given additional sessions beyond the point at
which stability was achieved because either (a)
stability was achieved immediately prior to a
weekend or (b) the subject missed two or more
consecutive sessions due to illness. In both cases
we contrived to switch phases over sessions
conducted on consecutive days.

EXPERIMENT 1
Experiment 1 sought, first, to demonstrate

precise discriminative control of response rate
using our specially designed schedules. This
demonstration was designed to ensure that the

subsequently introduced verbal descriptions
were imposed on a baseline of known response
rate, thus allowing the opposition of these ver-
bal descriptions to the established response rate.
The effects of gradually opposing the schedule
contingencies to the verbal descriptions (Ex-
periment la) and the effects of gradually op-
posing the verbal descriptions to the schedule
contingencies (Experiment lb) were both in-
vestigated. It was expected that (a) the sched-
ules used in the present research would dem-
onstrate precise discriminative control over
response rate and (b) that both procedures
(Experiment I a and lb) would produce less
verbal control of response rate than did pre-
vious research due to increased discriminative
schedule control.

METHOD
Subjects

Three female students and 1 male student
served as participants in Experiment 1.

Procedure
Experiment la. Subjects 1 and 2 experienced

a 2, 3, 5, 3, 2 schedule of reinforcement for
both response keys at the outset of the study.
The purpose of this manipulation was to es-
tablish key pressing at a medium rate (as de-
fined earlier). When the stability criterion for
the percentage of interval response rates falling
within the MaxPA range was reached, point
awards for sentence stem completion were in-
terposed between key-pressing segments. The
point distribution for A descriptors was 60, 48,
36, 24, 12. The point distribution for K de-
scriptors was 12, 24, 36, 48, 60. Thus, for Key
A, descriptors of "press very slowly" received
maximum points, whereas for Key K, descrip-
tors of "press very fast" received maximum
points. The prior schedule of reinforcement
was maintained to reinforce maximally a me-
dium rate on both keys. When stability criteria
for both the percentage of interval rates within
the MaxPA range and for verbal descriptions
were reached, the contingencies on response
rate were changed gradually to oppose the
MaxPA verbal description. Satisfaction of both
stability criteria was required for both keys
prior to each schedule change. Contingencies
on Key A were changed first to 1, 2, 3, 5, 4,
maximally reinforcing a fast rate, and then to
1, 2, 3, 4, 5, maximally reinforcing a very fast
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Table 1
Points delivered for motor and verbal responses during each phase of Experiment la.

Points for response rate

Key A Key K

Very Very Very Very
slowly Slowly Med Fast fast slowly Slowly Med Fast fast

1st phase 2 3 5 3 2 2 3 5 3 2
2nd phase 2 3 5 3 2 2 3 5 3 2
3rd phase 1 2 3 5 4 4 5 3 2 1
4th phase 1 2 3 4 5 5 4 3 2 1

rate. Contingencies on Key K were changed
first to 4, 5, 3, 2, 1, maximally reinforcing a

slow rate, and then to 5, 4, 3, 2, 1, maximally
reinforcing a very slow rate. The points for
verbal descriptions remained unchanged
throughout these phases. Table 1 summarizes
the programmed consequences for both re-

sponse rates and verbal selections in Experi-
ment la.

Experiment lb. Subjects 3 and 4 experienced
a 2, 3, 5, 3, 2 (medium rate) schedule of re-
inforcement for both response keys at the out-
set of the study. Following the achievement of
criterion percentages of interval response rates
within the MaxPA range for both keys, the
response-rate contingencies were changed to 5,
4, 3, 2, 1 for Key A, maximally awarding
points for a very slow rate, and to 1, 2, 3, 4,
5 for Key K, maximally awarding points for
a very fast rate. Following the achievement of
criterion percentages of interval response rates
within the MaxPA range for both keys, verbal
descriptions were introduced. The MaxPA
verbal description for Keys A and K was moved
gradually from a descriptor corresponding

with, to one opposed to, the MaxPA pressing
rate. Verbal description point distributions of
60, 48, 36, 24, 12 (maximum points for se-
lecting "press very slowly"); 48, 60, 36, 24,
12; 24, 36, 60, 36, 24; 12, 24, 36, 60, 48; and
12, 24, 36, 48, 60 (maximum points for se-

lecting "press very fast") were applied suc-

cessively to Key A, whereas verbal description
point distributions of 12, 24, 36, 48, 60 (max-
imum points for selecting "press very fast");
12, 24, 36, 60, 48; 24, 36, 60, 36, 24; 48, 60,
36, 24, 12; 60,48,36,24, 12 (maximum points
for selecting "press very slowly") were applied
successively to Key K. The response-rate con-

tingencies remained unchanged for the two
keys. The achievement of stability criteria both
for the percentage of interval response rates
falling within the MaxPA range and for verbal
descriptions was required for both keys prior
to movement to the next pair of point distri-
butions. Consequently, shifts in point distri-
bution occurred simultaneously on the two re-

sponse keys. Table 2 summarizes the
programmed consequences for both response
rates and verbal selections in Experiment lb.

Table 2

Points delivered for motor and verbal responses during each phase of Experiment lb.

Points for response rate

Key A Key K

Very Very Very Very
slowly Slowly Med Fast fast slowly Slowly Med Fast fast

1st phase 2 3 5 3 2 2 3 5 3 2
2nd phase 5 4 3 2 1 1 2 3 4 5
3rd phase 5 4 3 2 1 1 2 3 4 5
4th phase 5 4 3 2 1 1 2 3 4 5
5th phase 5 4 3 2 1 1 2 3 4 5
6th phase 5 4 3 2 1 1 2 3 4 5
7th phase 5 4 3 2 1 1 2 3 4 5
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Table 1 (Continued)

Points for verbal selections

Key A Key K

Very Very Very Very
slowly Slowly Med Fast fast slowly Slowly Med Fast fast

60 48 36 24 12 12 24 36 48 60
60 48 36 24 12 12 24 36 48 60
60 48 36 24 12 12 24 36 48 60

RESULTS
The dependent measures were (a) the mean

sessional response rate per 5.5-s feedback in-
terval for Keys A and K, (b) the percentage
of 5.5-s intervals in which the response rate
fell within the MaxPA range, and (c) the num-
ber of points earned for verbal descriptions on
KeysA and K. The number of points for verbal
descriptions was calculated by summing the
seven responses per session describing each key
using the following formula: The point values
12, 24, 36, 48, 60 for verbal descriptions cor-
responded to 0, 1, 2, 3, 4 points, respectively.
Consequently, the number of points earned for
sentence completions describing a given key
during any session ranged from 0 for descrip-
tions opposing the MaxPA description to 28
for descriptions consistently matching the
MaxPA description.

Figures 1, 2, 3, and 4 show the mean ses-
sional response rate, percentages of interval
response rates within the MaxPA range, and
the total verbal description points for Keys A
and K across sessions for Subjects 1, 2, 3, and
4, respectively. In each figure, mean sessional

response rate is indicated by open (Key A) and
filled (Key K) squares. The percentages of
individual intervals in which response rates
fell within the MaxPA range are indicated by
the numbers closest to the data points; verbal
description points are indicated by the num-
bers furthest from the data points. In terms of
key-pressing contingencies, all subjects showed
mean sessional rates for both keys falling within
the MaxPA response-rate ranges in virtually
all sessions of all phases. The single exception
was Subject 4 (Figure 4), whose mean ses-
sional response rates took several sessions to
consistently fall within the MaxPA range in
the first two phases. For Subjects 1 (Figure 1)
and 2 (Figure 2), mean sessional response rates
remained within the MaxPA ranges across
sessions, despite two shifts in the MaxPA. Per-
centages of interval rates within the MaxPA
ranges were almost consistently above crite-
rion, with the exception of Sessions 1 through
5 and 9 through 14 for Subject 4 and the first
session of new phases for Subjects 1 and 2.
Differential schedule control of response rate
was demonstrated clearly for all subjects. In

Table 2 (Continued)

Points for verbal selections

Key A Key K

Very Very Very Very
slowly Slowly Med Fast fast slowly Slowly Med Fast fast

60 48 36 24 12 12 24 36 48 60
48 60 36 24 12 12 24 36 60 48
24 36 60 36 24 24 36 60 36 24
12 24 36 60 48 48 60 36 24 12
12 24 36 48 60 60 48 36 24 12
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SUBJECT 1
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Fig. 1. Mean sessional response rates on Keys A and K (open and filled squares, respectively), percentage of 5.5-s

intervals in sessions in which response rate fell inside the maximally reinforced range (numbers nearest the data points),
and number of verbal description points earned in the session (numbers furtherest from the data points) for Subject
1. The letters VD and SCH in phase labels indicate the maximally reinforced verbal description and schedule range,
respectively, for each key (A and K). Horizontal lines indicate the response-rate ranges for which the maximum
numbers of points were delivered by the operative schedule.

terms of verbal descriptions, the MaxPA ver-

bal description was almost always chosen, ex-
cept in the session following a phase change.
Choice of verbal description had no effect on
key-pressing rate. Despite lack of correspon-
dence between verbal description and schedule
contingency experienced by all subjects, press-
ing rates conformed to the active schedule in
all sessions.

DISCUSSION
The mean sessional response rates and the

percentage of interval rates within the MaxPA
range generated in Experiment 1 clearly show
that the schedules used in the present study
exert discriminative control over response rate.
Unlike past research (Hayes et al., 1986; Mat-
thews et al., 1985), the present study dem-
onstrated schedule control before introducing
the verbal description task. Thus, in the pres-

ent research, reinforced verbal descriptions
were superimposed on effectively discrimina-
tive and differential schedule contingencies,
making statements about opposition meaning-
ful.

Results of Experiment 1 clearly indicate that
the contingencies on verbal descriptions and
on key pressing controlled their respective
classes of behavior without mutual interfer-
ence. Pressing rates conformed to the schedule
requirements regardless of the subject's verbal
descriptions of how to perform to earn the most
points. Similarly, MaxPA verbal descriptions
were chosen regardless of their accuracy in
describing the schedule requirements. These
results contrast with those of Catania et al.
(1982), Matthews et al. (1985), and Hayes et
al. (1986) in which pressing rate was dem-
onstrated to correspond to the verbal descrip-
tion or instruction, regardless of the pro-
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SUBJECT 2
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Fig. 2. Mean sessional response rates on Keys A and K (open and filled squares, respectively), percentage of 5.5-s

intervals in sessions in which response rate fell inside the maximally reinforced range (numbers nearest the data points),
and number of verbal description points earned in the session (numbers furthest from the data points) for Subject 2.
The letters VD and SCH in phase labels indicate the maximally reinforced verbal description and schedule range,
respectively, for each key (A and K). Horizontal lines indicate the response-rate ranges for which the maximum
numbers of points were delivered by the operative schedule.

grammed schedule for key-pressing behavior.
As expected, there was no evidence of verbal
control over pressing rate in the present re-
search, presumably (as we might conclude from
the aforementioned statement by Cerutti, 1989,
p. 265) due to the powerful discriminative con-
trol by the schedules employed.

There are two major reasons for the ap-
parent strength of discriminative control of re-
sponse rate by the schedules in the present
research. First, because of the design of the
schedule, with points for schedule performance
during an interval being presented in evaluable
units, subjects can easily identify performances
that do not correspond to schedule contingen-
cies (provided there is sufficient variability in
response rate to sample other programmed re-
sponse-rate ranges). Because subjects can eas-
ily discriminate performance outside the
MaxPA range, this type of reinforcement
schedule tends to increase discriminative con-

trol by the schedule. Such discriminative con-
trol appears to have been lacking in past re-
search. Second, a history of contingency control
of pressing rate is established in both proce-
dures before points are provided for verbal
performance descriptions. This history of
schedule control serves to increase discrimi-
native control of response rate by the schedule.
Studies described above did not establish
schedule control prior to instituting verbal con-
trol, both contingencies being implemented si-
multaneously.

In summary, Experiment 1 demonstrated
conditions under which verbal descriptions of
response rate do not control response rate in
the presence of opposing schedules. These data
differ from previous results (Catania et al.,
1982; Hayes et al., 1986; Matthews et al.,
1985) that demonstrated verbal control of re-
sponse rate. The relative amount of verbal ver-
sus schedule control over response rate pre-
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SUBJECT 3
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Fig. 3. Mean sessional response rates on Keys A and K (open and filled squares, respectively), percentage of 5.5-s

intervals in sessions in which response rate fell inside the maximally reinforced range (numbers nearest the data points),
and number of verbal description points earned in the session (numbers furthest from the data points) for Subject 3.
The letters VD and SCH in phase labels indicate the maximally reinforced verbal description and schedule range,
respectively, for each key (A and K). Horizontal lines indicate the response-rate ranges for which the maximum
numbers of points were delivered by the operative schedule.

sumably depends on the relative strength of
discriminative control by each, with discrim-
inative control by the schedule enhanced in the
present research through the nature of the
schedule and by prior schedule exposure.

EXPERIMENT 2
If the lack of verbal control of response rate

seen in Experiment 1 was due to the precise
discriminative control by the schedules, then,
presumably, a decrease in discriminative con-
trol by the schedules would increase verbal
control of response rate. Experiment 2 sought
to facilitate discriminative control by the verbal
description through procedural changes de-
signed to decrease the level of discriminative
control by the schedules. First, this procedure
eliminated the history of schedule control over
pressing rate prior to the introduction of verbal
performance descriptions. To accomplish this
end, subjects were given the opportunity to
make verbal descriptions from the outset of the
experiment. Second, Experiment 2 sought to
eliminate the obvious contingent relationship
between response rate and points earned by
awarding points nondifferentially with respect
to response rate, thus decreasing the chances
that schedule contact would prevent discrim-
inative control by the verbal description.
Two distinct methods were investigated.

Experiment 2a used a schedule of reinforce-
ment that awarded the same number of key-
pressing points regardless of pressing rate
(provided at least one response occurred in the
interval). As in Experiment 1, verbal descrip-
tions were shaped by the points provided for
each choice. Experiment 2b was designed to
anticipate two possible weaknesses of Exper-
iment 2a with respect to establishing verbal
control over key-pressing rate. First, Experi-
ment 2b used a schedule of reinforcement that
awarded a randomly determined point value
regardless of pressing rate (provided, again,
that at least one response occurred in the in-
terval). It was thought that the nondifferential
contingency operative in the first procedure
might be too easily detectable considering that
the same point value would be added to the
point counter following each interval in which
a response occurred. Second, verbal descrip-
tions were "instructed," rather than shaped,
by including in the preexperimental instruc-
tions a specification of the point values asso-
ciated with each verbal choice. This was de-
signed to increase the chances that the desired
verbal description would be established after
a minimum of schedule exposure. Despite Ca-
tania et al.'s (1982) demonstration that the
effects of instructions may be variable, Hayes
et al.'s (1986) demonstration of consistent in-
structional effects under certain conditions and
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SUBJECT 4
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Fig. 4. Mean sessional response rates on Keys A and K (open and filled squares, respectively), percentage of 5.5-s
intervals in sessions in which response rate fell inside the maximally reinforced range (numbers nearest the data points),
and number of verbal description points earned in the session (numbers furthest from the data points) for Subject 4.
The letters VD and SCH in phase labels indicate the maximally reinforced verbal description and schedule range,
respectively, for each key (A and K). Horizontal lines indicate the response-rate ranges for which the maximum
numbers of points were delivered by the operative schedule.

our need for immediate opposition of verbal
and nonverbal sources of response-rate control
prompted us to use instructions. It was ex-
pected that both procedures (Experiment 2a
and 2b) would decrease the discriminative con-
trol of the schedules sufficiently to allow verbal
control to occur.

METHOD
Subjects

Five female and 2 male students served as

participants in Experiment 2.

Procedure
The second experiment contained two sim-

ilar procedures, each involving one phase.
Experiment 2a. Subjects 5, 6, 7, and 8 ex-

perienced a condition in which 13 points were
awarded every feedback interval, regardless of
the number of presses emitted during that in-
terval (for responses >0). The response-rate
point distribution was thus 13, 13, 13, 13, 13.
The number 13 was selected over the single
digit point values employed in Experiment 1
to hinder subjects in discriminating that the
same number was added to the cumulative
counter following each feedback interval. The
verbal description point distributions were 60,
48, 36, 24, 12 for Key A and 12, 24, 36, 48,
60 for Key K, maximally reinforcing a de-
scription of "press very slowly" for Key A and

"press very fast" for Key K. Data were col-
lected from each subject until mean sessional
response rates for each key were stable (three
consecutive sessions with a range of fewer than
three responses per 5.5 s) or until subjects had
fulfilled their obligation for experimental
credit.

Experiment 2b. Subjects 9, 10, and 1 1 ex-
perienced a condition in which the computer
awarded points following each 5.5-s interval
with the following probabilities: 11 points, .05;
12 points, .10; 13 points, .10; 14 points, .15;
15 points, .20; 16 points, .15; 17 points, .10;
18 points, .10; 19 points, .05. Consequently,
the number of points awarded was indepen-
dent of the number of responses emitted (for
responses >0). As in Experiment 2a, two-digit
numbers were employed to decrease the dis-
criminability of the independence between re-
sponse rate and point awards. Verbal descrip-
tion point distributions were 36, 72, 108, 144,
180 for Key A and 180, 144, 108, 72, 36 for
Key K, maximally reinforcing a verbal de-
scription of "press very fast" for Key A and
"press very slowly" for Key K. Correcting an
oversight of Experiment 2a, the verbal de-
scription point values were chosen to balance
the number of points available on the schedule
for key pressing. The procedure for this group
differed from that of other groups in that the
verbal descriptions and their associated point
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values were included in the presession instruc-
tions immediately prior to the paragraph be-
ginning "The computer will stop.. ." as well
as in the printed instructions to the right of
the computer. These additional instructions
read:
The following point values will be given for
your choices.
The best way to earn points on Key A is:

1. Press very slowly 36 pts
2. Press slowly 72 pts
3. Press at a medium rate 108 pts
4. Press fast 144 pts
5. Press very fast 180 pts

The best way to earn points on Key K is:
1. Press very slowly 180 pts
2. Press slowly 144 pts
3. Press at a medium rate 108 pts
4. Press fast 72 pts
5. Press very fast 36 pts

Data were collected until mean sessional
response rates for each key were stable (three
consecutive sessions with a range of fewer than
three responses per 5.5 s) or until subjects had
fulfilled their obligation for experimental
credit.

RESULTS
The dependent measures were identical to

those of Experiment 1, except that, due to the
nondifferential nature of the schedules in Ex-
periment 2, percentages of intervals in which
response rate fell within a MaxPA range could
not be calculated. Figures 5 and 6 show the
mean sessional response rate and the total ver-
bal description points for Keys A and K across
sessions for Subjects 5 through 11. Results from
both procedures can be grouped into three gen-
eral categories.
The first category includes Subjects 5, 6, 7,

and 9 and is shown in Figure 5. For these
subjects, the choice of verbal description af-
fected response rate transiently. Inspection of
Figure 5 reveals higher mean sessional re-

sponse rates for keys described as "press very
fast" relative to keys described as "press very
slowly," with a decrease in this difference across
sessions. The latency to consistent choice of the
MaxPA verbal description and the duration
of this choice's effect on response rate varied
across subjects. For Subjects 5, 6, and 9 (Sub-
ject 9 having the advantage of direct instruc-
tions), the MaxPA verbal description was con-

sistently chosen within the first three sessions,
whereas for Subject 7 consistent selection did
not occur until Session 7. Control of response
rate by the MaxPA verbal description choice
appears to occur in Sessions 2 and 3 for Subject
5, in Sessions 2 through 4 for Subject 6, in
Sessions 3 through 8 for Subject 7, and in
Sessions 2 through 4 for Subject 9. For Subjects
5, 7, and 9, the terminal response rates for
both keys were virtually identical and very low
(approximately one response per interval).
Apparently, differential control by the verbal
descriptions was transient, with the schedule
competing successfully for control of response
rate in later sessions. By the final sessions,
response rate was maximally efficient with re-
spect to earning points on the schedule (one
response per interval being the most efficient).
The second category, shown in Figure 6,

includes Subjects 8 and 10. Although the
MaxPA verbal descriptions were consistently
chosen by Session 2 for both subjects, response
rates on the two keys were virtually identical
across all sessions. Both subjects exhibited ini-
tial variability in the response rate on both
keys but demonstrated schedule-efficient re-
sponding on both during later sessions. Thus,
differential control by the verbal descriptions
was absent in all sessions, with evidence of
control by the nondifferential schedules (i.e.,
a mean of about one response per interval in
later sessions).
The third category includes only Subject 11

and is also shown in Figure 6. The MaxPA
verbal description was consistently chosen by
this subject during all sessions. Inspection re-
veals consistently higher mean sessional re-
sponse rates on Key A than on Key K during
all sessions, indicating strong differential con-
trol by the verbal descriptions. In addition,
response-rate differences between keys were
greater than the transient differences shown
by Subjects 5, 6, 7, and 9.

DISCUSSION
Experiment 2 indicates that the extent of

verbal control over key-pressing rate is vari-
able when either of two nondifferential rein-
forcement schedules is used. Verbal control
over response rate may persist over long pe-
riods of time (Subject 11), may appear tran-
siently (Subjects 5, 6, 7, and 9), or may be
absent (Subjects 8 and 10).

It is important to note that the rate of press-
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Fig. 5. Mean sessional response rates on Keys A and K (open and filled squares, respectively) and number of

verbal description points earned in sessions for subjects for whom choice of verbal description transiently affected response
rate (Subjects 5, 6, 7, and 9). Nonitalicized numbers refer to Key A; italicized numbers refer to Key K. The letters
VD and SCH in phase labels indicate the maximally reinforced verbal description and schedule range, respectively,
for each key.

ing on both keys was very low by the end of
the study both in subjects whose responding
did not come under verbal control and in sub-
jects whose responding indicated transient ver-
bal control (the exception being Subject 6).
This result seems to indicate that persistent
contact with the schedule of reinforcement,

which, in the present case, requires only one
response per 5.5 s to earn maximum points,
gradually undermines verbal control. This is
particularly well demonstrated by Subjects 5
and 8, who each made only one response per
interval in their final session of participation,
thus responding with maximum efficiency on
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verbal description points earned in sessions for subjects for whom choice of verbal description did not differentially
affect response rate (Subjects 8 and 10) and for whom choice of verbal description maintained differential response
rates (Subject 11). Nonitalicized numbers refer to Key A; italicized numbers refer to Key K. The letters VD and SCH
in phase labels indicate the maximally reinforced verbal description and schedule range, respectively, for each key.

the active schedule. In the present case, "con-
tact" with the schedule may only mean varying
the response rate during a given session suf-
ficiently to determine that lower and lower
rates still earn the same number of points. A
subject who consistently responded at a rapid

rate on the key described as "press very fast"
and who consistently responded at a very slow
rate on the key described as "press very slowly"
would not be able to make such a determi-
nation. Individual session data show consid-
erable "experimentation" by all subjects in
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Experiment 2, even during the period when
verbal control was apparently manifested ac-
cording to sessional means. Consequently, ses-
sional averages tend to suggest differential ver-
bal control more than do response rates in
individual intervals. For example, Subject 5's
mean response rates for Session 2 are 7.6 re-
sponses per interval for Key A and 19.2 re-
sponses per interval for Key K, indicating the
expected verbal control. These data belie the
fact that individual interval rates for Key A
had a standard deviation of 6.34 with a sessional
range of 0 to 30. Key K individual interval
rates had a standard deviation of 9.86 with a
sessional range of 0 to 33. Given that the num-
ber of points earned did not vary with this
great variability in response rate, "contact"
with the nondifferential consequences of the
schedule might be said to have occurred.

Subject 11 demonstrated clear differential
verbal control across all sessions. According to
the above analysis of response-rate variability
and its possible function in eliminating verbal
control, we might expect the response-rate
variability of Subject 11 to be low. Contra-
dicting this suggestion, however, Subject 11
showed considerable response-rate variability
in Sessions 1, 2, and 3. In Session 3, for ex-
ample, the Key A individual interval rates had
a standard deviation of 4.54 with a sessional
range of 11 to 31, and Key K rates had a
standard deviation of 6.57 with a sessional
range of 8 to 28. Beginning in Session 4, how-
ever, when verbal control began to promote
very large rate differences between the keys,
within-session variability became low. In Ses-
sion 8, for example, the Key A individual in-
terval rates had a standard deviation of 1.40
with a sessional range of 30 to 37, and Key K
rates had a standard deviation of 0.85 with a
sessional range of 7 to 10. These data seem to
indicate that, unlike the other subjects in Ex-
periment 2 for whom high response-rate vari-
ability was the active variable in producing a
loss of verbal control, verbal control may have
been the active variable in producing low re-
sponse-rate variability for Subject 11.

GENERAL DISCUSSION
Comparing the present data with those of

previous researchers (Catania et al., 1982;
Hayes et al., 1986; Matthews et al., 1985), we
see clear differences in the strength of verbal

control. These differences likely reflect the rel-
ative discriminative control of the schedules
used. The Catania et al. and Matthews et al.
data indicate poor control by the schedule in
the absence of verbal rules. The same can be
said for the Hayes et al. data, although one
schedule (either DRL or FR) was generally
able to gain control over responding in the
absence of a verbal rule. Experiment 1 of the
present study, in contrast, demonstrated pre-
cise discriminative schedule control over re-
sponse rate in the absence of verbal descrip-
tions. This difference in schedule control may
account for two discrepancies between the
present and previous research: (a) the greater
susceptibility of response rate to verbal ma-
nipulation seen in past research and (b) the
decreased likelihood of response rate conform-
ing to opposing schedules when those contin-
gencies are contacted, as seen in this same re-
search.
The greater discriminative control of the

schedules used in the present research likely
derives from the ease of attending to changes
in the discrete number of points delivered as
opposed to the more challenging task of esti-
mating changes in the density of single point
deliveries over time, as was the case in previous
studies. As a consequence of the more precise
discriminative control by the schedules in the
present research, verbal control was evidenced
only when the discriminative control of the
schedules was decreased by use of nondiffer-
ential schedules (Experiment 2) and even then,
control occurred only transiently (with the ex-
ception of Subject 1 1).

Although the discrepancy in results between
previous research and the present study may
derive from the discriminative control of the
schedules employed, procedural differences in
experimental instructions and in the establish-
ment of verbal behavior may attenuate the va-
lidity of direct comparisons. In the present re-
search, the experimental instructions explicitly
identified response rate as the relevant behav-
ioral dimension. Although this departure from
previous research was used to restrict the range
of behavior with which subjects would concern
themselves, thus removing the occasional ne-
cessity of repeated experimental instructions,
this expedient exploitation of our subjects' ver-
bal capacities may have introduced a rule-gov-
erned element into behavior that other re-
searchers have established in a more purely
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contingency-shaped fashion. It is well known
that rule-governed responding has properties
differing from those of contingency-governed
responding (Skinner, 1969). The extent to
which those differences affected the present
research requires experimental analysis. Al-
though we have generated data in our labo-
ratory indicating that the schedules we
employed in this research can achieve discrim-
inative control over response rate with minimal
instruction, the effects of superimposing verbal
descriptions on such contingency-established
baselines may, indeed, produce results differ-
ent from those presented in this paper. The
present study also departed from previous re-
search in the method used to establish verbal
stimuli specifying response rate. Hayes et al.
(1986) employed direct instructions. Catania
et al. (1982) and Matthews et al. (1985) shaped
sentence completions. The present research dif-
ferentially reinforced the selection of verbal
descriptions either with or without the prior
specification of that reinforcement contingency
through an instruction. The degree of func-
tional similarity between our procedure and
those employed previously is of vital impor-
tance to direct comparisons.
Assuming the various methods of establish-

ing verbal stimuli that specify response rate to
be functionally similar, procedural differences
between the past and present research may
have differentially evoked social contingencies
on rule following. In the present study and in
the prior studies addressed, there was no pro-
grammed reinforcement contingency for cor-
respondence between verbal description and
nonverbal behavior (cf. the explicit reinforce-
ment of correspondence programmed by Risley
& Hart, 1968). The contingencies on corre-
spondence, consequently, are related to stim-
ulus properties of the agent producing the ver-
bal descriptions specifying response rate. As
discussed by Cerutti (1989), compliance with
instructions (in the present case, correspon-
dence between nonverbal behavior and shaped
verbal behavior) may depend on the history of
reinforcement associated with the agent deliv-
ering the instruction: The agent may accrue
stimulus control properties occasioning com-
pliance due to an experimental history of re-
inforcing compliance or by virtue of member-
ship in classes of agencies that have previously
reinforced compliance.

In the procedures of Catania et al. (1982)

and Matthews et al. (1985), an experimenter
was conspicuous by virtue of providing feed-
back for verbal responses. This arrangement,
in which the experimenter "grades" the verbal
responses of subjects and then is present (not
only for the brief period during which feedback
is provided but for the entire session), may
bring a considerable social contingency into
play due to the experimenter's membership in
classes of agents ("experimenters," "experts,"
or perhaps more generally, "authority fig-
ures") that are discriminative of the reinforce-
ment of compliance. The experimenter may
even be construed to possess ongoing infor-
mation regarding subject response rate and
therefore to be aware immediately when sub-
jects deviate from their response descriptions.
The social contingencies in the Hayes et al.
(1986) manipulation were different but per-
haps no less compelling. The experimenter read
response-rate instructions aloud to the subject,
who followed on a printed sheet. Here again,
although the experimenter was physically
absent thereafter, he was conspicuous as the
source of the instructions designating response
rate and possibly functioned as a discrimina-
tive stimulus for compliance.
The present procedure differs from each

previously discussed in that (a) the experi-
menter was physically absent during sessions
and (b) the verbal stimuli regarding response
rate were presented by the computer. Both of
these procedural differences could potentially
decrease the effect of social contingencies on
rule-following behavior by decreasing the like-
lihood that the instructional agent (the com-
puter) belongs to a class of agents discrimi-
native of reinforcement contingencies on
compliance. Thus, a verbal description shaped
by a computer may be less effective in con-
trolling response rate than one shaped or in-
structed by a human experimenter. Indeed,
given the dearth of social and other conse-
quences available to a computer or previously
delivered to subjects by a computer for rule
compliance or noncompliance (exempting from
this argument, of course, those individuals who
frequently interact with a computer), one might
question the role of the computer in main-
taining rule-behavior correspondence. It is
conceivable, given the above analysis, that a
human experimenter delivering instructions
for response rate might have controlled re-
sponse rate on our schedules to the extent seen
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in the studies by Catania et al. (1982), Mat-
thews et al. (1985), and Hayes et al. (1986).
Explanatory references to social contingencies
are presently speculative, however, because so-
cial contingencies were not manipulated in the
present research. Future research may prof-
itably investigate both the differences between
the various procedures for producing verbal
descriptions discussed in the present paper and
the extent to which the agents instrumental in
producing those descriptions are discrimina-
tive of compliance.
The present study appears to represent one

pole of a continuum of conditions in which
discriminative control by the schedule is pow-
erful and precise. Previous research demon-
strating the prepotence of verbal rules over
schedules appears to represent the other pole
by virtue of the absence of such schedule con-
trol. This lack of precise schedule control is
not surprising, of course, given the difficulties
encountered in obtaining precise schedule con-
trol in humans. The present results do indi-
cate, however, that this lack of schedule control
in previous research may have been a special
condition allowing verbal control to manifest
itself.
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